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(54) LIGHT EMITTING DEVICE 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a light emitting device having fluorescent 
substance which absorbs ultraviolet radiation from a light emitting element, 
converts the wavelength and generates a light, and especially to provide a 
light emitting device which can generate a light with high luminance, high 
efficiency and excellent reliability, irrespective of usage environment. 
SOLUTION: This light emitting device is provided with a light emitting 
element wherein at least a light emitting layer is composed of nitride 
semiconductor; and inorganic phosphor which absorbs at least a part of a 1 ight 
generated from the light emitting element, converts the wavelength and 
generates fluorescence. The main peak of emission spectrum from the light 
emi 1 1 ing element is in a range of 360-390 nm. The inorganic phosphor generates 
fluorescence of infrared and is composed of at least one kind of phosphor 
selected from L i A 1 02 :Fe,. A1203:Cr, CdS:Ag, CdA103:Cr, Y3A15012:Cr. 
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1.0 2 :Fe, Al 2 0 3 :Cr s CdS:Ag, GdA 
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[«rlf»#0>tfiffl] 
LiA10 2 :Fe, 

A 1 2 0 3 : C r , 10 

C d S : Ag , 

G d A 1 0 3 : C r % 

Y 3 A 1 s Oi2 : C r , 

Jit, pilttlft^^It©^^ fry/i^ 

-rn«3gi:&9 n^fcfi^Sratf I n a G a ,-aN|© 

l!flfBn®*tt*MfcK#5 X 1 O'Vcm 3 **, 20 
HUIEI naGa 1 -aNl©aIi50i9*#< 0. l£Jt. 
T,' ■ 

ftUfS I n a G a i-aNSWliffiS 1 0 ha — 

Atl±, 1 0 0 0*>y* hn- A^T<0^5t*^"T?fc 

3 ] MfE^^^^-^s n IStt^ft^^ift: 

^t3«JSi^t) nM^Fiffi^Sr-g-tPl n 5 G a ,- S NJf tf> 

B9ia^tt*««iS 5 X 1 0 17 /cm 3 «J:, 30 
ifJlBI n 6 G a ,-6 NB<D6ffiri*0 «t 9*#< 0. 1 
T, 

UtTlS I n 5 G a i_ 6 NBO^ff/JS 1 0 O^V^^ h n — 

A£Ut<Z>3S3tH5^-C$>.5 - 1 &¥f®.k-r2>m&m 1 t-lE 

[ffi*q(4] WEJBJtaf^JiSA 1 fc*#t5G a NS*g 
1 3 KE*t0>3B*SSII. 

[«9J«>l$MttK9n 

[0 0 0 1] 40 
[SJS±©flJffl#»] LEDr-r^K, 

[0 0 0 2] 

tfi££ftffi] »*^W*-K («T, LEDHv^j) 



Jtif: 0 ;:;ttJc:#^RGB<7}HJ!l!(fi£fiJ/8LfcLED-r 
[0 0 0 3] ^3t^V^— KWH£ffl£*t5363teS«>¥i* 

ttaisk if k j: o T**a» & <© 

[ssena^fc-rssiJH] 

[0004] l*»uj5c*sp>, i^ifcv^iH-iii^-cS** 

[0 0 0 5] 

h/Ki^t"-^ £ Lt 3 6 0 nm*^ 3 9 0 nmrttCfc 
9. *i«*3tef*:tt**0>*#«:3SU L i A 1 0 2 : F 
e s A 1 2 0 3 : C r , CdS :Ag s GdA10 3 :C 
r, Y 3 Al s Oi 2 :Cr, fabM$l£frZ>'Pti: < k 

[0 0 0 6] *^B^(75f»*JS 2 lclB*c03£3fc=£«f3. ffi 

ngpF#E4&£-&trI n aG a ,-a NBro&teBSr^U 
flltS n mPf-mtoWi&tf 5X10"/c m 3 *jiSL bu|B I 

naGa 1 -aNl<OaI^0±t)ic^<0. 1 WT> HU 
IE I n a G a a NB^Sgff^ 10 0 Jr^ 7 * Y a — A 
£Ub> 1 0 0 0 f D-AKTCM^f-CfoS 

[0 0 0 7] #$593<D»#JB 3 (C|E«c»^7t^S(4, ffi 

nm7ffflfo*-£t£ I n 8 G a ,-6 NJlOfSttJ!^* U 
gfrlE^*€^aSS*5 5X10 ,7 / c m 3 iU±, mJs2 I n 5 
G a i- 5 NiW 6 o «fc 9 < 0 . 1 «T« MtC I 
n 6 G a i- 6 NlOlf^ 1 0 0*><?"* h'o— J±U±. 

[0 0 0 8] *^B^coff*3l4(c:lfi«cro^7fe^g(4, SfJ 
lEMJtHI^-^A 1 ttttSGa Nm&±.lZnmRrfp 

So 

[0 0 0 9] 



(3) 



200 1-352101 



(ST^fe-f tb^SSih Li«f 5 w i: £ JLfcB L 

[0 0 10] 4*C**W©3B3t*^^ffl^fc*l5»l:« 

0 n lb 3 9 0 n m) i < ^3t"T t ^T*£ 

fi«H*s_h3S«>*n<a«)-c*<, lot-^Mftot 

*3teK«©*3te&*«rfa±$*5jfc«> 10 

[0011] BP*;, M»fi:fflv^H5t»ft L 
Tfi, 

s^3 of8F*»e>4 offiFtctfei-ssfifiHstsnac^-t+^s*. 

[0 0 12] 2. 3B3teft*«:l*U:£*Sfc*, 20 
5:i„ ' ■ 

[ooi3] 3. Bfilc±oT»*J:<JBjtepri&<i;r 



[ooi4] 4. *ft**-iE«.c:E«S:jx5»£\ 

[0 0 15] 5. 3B*y-f*— KOflJfflSS^lSCTW 

[0016] 6. mytm+tet'zmmLtt^z t. 

[0 0 17] 7. fegSjJSifafiKJt^^ttffi^O^^SW 30 

[0 0 18] i*tfeO*frtrKfc-*-fc©i: UT*»W 
fix ^3t^t L-C^3t*(xii^3i^/u^-^^ K=¥^r y 

tts^tms. 40 

[0 0 19] ^fls^/«C^*illl<0-^Jir LTx ^y:/* 
-f ;/L E D£E] 1 tC^i",, ^ s/ 7°L E Dc7>M{£ 1 

0 3PHzm.<t#V ')A^iMi^fcLED^77'l 
0 2 £¥^03 1 0 5 ^fflV^T7y yT'fy^i' KHJtS 
•tirTfcSo LED^yT'l 0 2 <0=S-®St g#,CS3:i+<b 
*tfc£-®Il 0 4(306 £ tlx ^rtv-^ttm^WtxiSiK^ 

Mt5^7^10 6lciffit?,. g^ilc^ihfflcT)^ 
7^4-ifiBS-ti:-5r xr-C-^ yT 0 ^^ nEDt«Sx5t 50 



^t5:tl:±otLEDfy7"l 0 2^^7t^-y:-5 
xlt^T-#5 0 LEDf ^/10 2^b©M»x:j;c 
■CB(iiax!?ixfc*3l£«JK*»5>©*3t.-J:5*3tK«i:r5 
rt^T*#5c WTx *»SH<B#JiMBWlco^TI¥iei- 

[0020] *3&EKm^*L.5*#;*B* 
fix '»**^-©*^*fcJ: 9»tt**br#^ifcfr**-f 
AfW?J«.**»«4: Ltd, L i 
A l 0 2 : F e , A l 2 0 3 : C r , CdS :Ag, Gd 
Al0 3 :Cr, Y 3 A l s 0 12 : C r , Sit* 
'Ptt< k 

[0 0 2 1] ***««r-££-i-5*B 
*tx ffM?a^x Jfc^ e^x 

& if £ff S ^^riCiotl* Mf& £ -B: 5 d k it X 
Lfc^oTx J: 0*3t«»K©»* 

»*ttJ:<»J»i-SI«|-e*jt«JSf©5F«&«ta!6SO. 2 
/xm^ibO. 7 M .mt*fc5rtWiL.\ £?Cx*tg 
SMfrdso. 2 < l o g 0. 4 5tfc5;i*:j!f 

[0022] ^fcx ««aro^**«**Jffl.i-5»-S- 
fix =— -r-f >■ ^^RXiyX(t^r—^ KSM*fti:''T"fo5 

#*3t^S?x^i:c7)#JSJKi: UT»***Tt> J:v\ £ 
(-x S^ttS1SiaP#T-ifo5ffi^-^ifcDrtffiS.tJ { /3x:{4^ 

mz-ikitmw*:'^ >y-km^miGi-z>„ mus*** 
>?-*mm-rz>tek'\ziL*) >v-*m&\.tz.ikyt 
«jff j-***^** $> oaie«**fiH#t $ * lift £ * s s 

[0023] _his*3te4Mi*fflv\ •mn-ytkftn-Knm 
jjtfmft-zimtemitmmk-tz^kx- wi^comm^ 
t>-&fto?fr&>-y— *K **f-ft <t 5 Jn?» t tc i 
2>%.mit&\s\&ficl7 o~k #T-# 5«MI4*a>«fl:«1t.;: 
CffitSr iiJST?x*5. -*x 38ft* LSftifc 
«-ClE»SH**»oyx:3tSrtr^^ v hft if.:: J: 9 ®iR$ 
*5 xT t T?£fttoJta»fc<©£ft«**fl-tt.;ittU $-tt£ 

[0 0 2 4] *^^«x:ffl^f>ix?)^;fti|^KixiJgiTx ^ 

i-S«l««3t«Ei: LT(*x «Ttc:*i-*3t*as*ff feix 

So 

[0 0 2 5] ffeMt5SM3t*tLtii, (S 
r : Ca, Ba, Mg) s (POj 5 CI :Eu, (S 
r, Ca, Mg) 5 (P0 4 ) 3 C1 :Eu s (Ba, C 
a) 5 (POJ 3 C1 :Eu, Sr s (POJ 3 C1 : E 
Ux Sr 3 (POJ 2 :EUx (Sr, Mg) 2 P 2 0 7 : 
Eu, Sr 2 P 2 0,:Eu, Sr 2 P 2 0 7 : Sn, Ba 2 
P 2 Ot :Tix (Sr, Ca) ,„ (PO,) 9 CU'B 2 
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0 3 : E u, (S r , Mg) a PPOj 2 : C u, 2 S r 
O • (P 2 O s • B 2 0 3 ) : E u, (Ba, Mg) Si 2 
O s : E u, (Sr, Ba) Al 2 Si 2 O s : E u, B a 
3 MgSi 2 0 8 :Eu, S r 2 S i 3 O s • 2 S r C 1 2 : 
Eu, Zn 2 S i0 4 : Ti, BaAl 8 Oi 3 :Eu, B 
a M g 2 A 1 i 6 0 2 7 : E u , Mn, C a A 1 2 0 4 : E 
u, Nd, S r 4 A 1 i 4 0 25 : E u , S r M g A 1 10 0 
17 :Eu, B aMg A 1 10O17 : E u N S r A.UO? : 
Eu, Dy, S r 4 A 1 14 0 25 : E u, Dy, CaW 
0 4 , C a W0 4 : P b, MgW0 4 , Z n S : Ag, N 10 
i, Z n S : A g , CI, ZnS : Ag, C u , Zn - 
S:Ag, Fe, A 1, ZnS:Cu, Ag, CI, Z 
nS:Cu, Au, A 1 , Z n S : Tm, ZnS:P 
b, C u , ZnS:Zn;ZnS:Zn, Ga v ZnG 
a 2 0 4 , Zn (S, Se) : Ag, (Zn, Cd) S: 
Ag, N i , (Zn, Cd) S:Ag, AK Y 2 Si 
0 5 : M 1 (EU M'liTm, C e X 9»ft£*L5d>* 
<Hll) > (Ca, Mg) Si0 3 :Ti, CaF 
2 : E u, M 2 2 0 2 S : Tm ({EL, M 2 f3Y, La, G 

d, LuX 9Sft£*b5'>^< ttll) s M 2 OX : 20 
Ce M£U M 2 ttY, La, Gd, L u «fc «9 ®ft $ *L 
5'>*<-Hll"Cfc9v XliBr, C r <t 951ft£*X 
5*J>*< Hll) , (M 2 , M 3 ) T a O 4 : N b (ffi. 

L, M 2 ttY, La, Gd, L u J: «9 31ft S *L5*K£ < 
Hll'C*)?, M 3 ftMg, Ca, Sr, Bai^il 
ft£;ft5'>.fr< £fe ll)\ ***ffeJx5o 
[0 0 2 6] «fe«*i-5«6«*jfc*i: UTH BaA 
1 i 2 0 19 :Mn, Ca 1Q .(POj 6 F 2 :Sb, Mn, 
C eMgA 1 n Oi9 : T b , GdMg B 5 0 10 : C e, 
Tb, La 2 0 3 « 0. 2SiO 2 -0. 9P 2 0 5 : C 30 
e , T b , Mg A 1 nO- 19 : Ce, Tb, Mn, MgG 
a 2 0 4 :Mn, S.rAl 2 0 4 :Eu, S r A 1 2 0 4 : E 
u, Dy, Y2O3 • A 1 2O3 : T b , Y 2 S iO s : C 

e, Tb, Y B 0 3 : T b , Zn 2 Ge0 4 :Mn, Sr 5 
(POJ 3 F:Sb, B a M g 2 A 1 i 6 0 27 : E u, M 

n, ZnS:Au, Al, ZnS:Cu, Au, Al, 
ZnS:Cu, CI, Zn (S, Se) :Ag, (Z 
n, Cd) S:Ag, CI, (Zn, Cd) S:Au, 
Al, (Zn, Cd) S : Au, Cu, Al, (Zn, 
Cd) S:Cu, Al, (Zn, Cd) S:Cu, C 40 
1, (Zn, Cd)S:Ag,Ni,ZnO:Zn,M 
2 2 0 2 S : T b ((IU M 2 f£Y, L a , -G d , Lu£D. 
3Sft£ix5'>fc< Hll) . M 2 2 0 2 S : P r ({B ' 
L, M 2 ttY, La, Gd, L u ± 9 8tR£:h>54># < 
nii) , M 2 0 X : T b ({& U M 2 {£ Y , L a , G 
d, Lu«fc9iift£*x5'>fc< hi> lit*!), Xf2B 
r , C r £9ilft£;ft,5'>&< HH) > InB 
0 3 :Tb,Li 5 Zn«Al 5 (Ge0 4 ) 4 :Mn, Sr 
Ga 2 S 4 :Eu, Y^ (Si, Ge) O s :Tb, Y 2 S 
i Ob : P r , Y 2 S i O b : T b, Y 3 A 1 B 0 1Z : C 50 



r , T b , Y 3 (A 1 , G a) s O 12 : T b , Y 3 A 1 s O 
l2 :Tb, YF 3 : E r , Zn 2 Si0 4 :Mn, Zn 2 S 
i0 4 :Mn, Al, Zn 2 Si0 4 :Mn, As, 
(M 2 , M 3 ) T a O 4 : T b ({§_ L, M 2 ^Y, L a , 

Gd, Lu J:9»ft$ix5d>*< t fc Htfc^ M 3 
liMg, Ca, Sr, B a «t 0 31ft $ thZ'pt* < t fc 1 * 

1) , feixa. 

[0 0 2 7] LTfi, M 2 B 

0 3 : Eu (fiU M 2 ttY, La, Gd, L u J; 9 31ft 
S*LSd"fe< fcfe 11) s (Sr, Mg) 3 (P 

0 4 ) 2 : Sn, Mg 6 As 2 On:Mn, CaSi0 3 : 
Pb, Mn, C d 2 B 2 O s : Mn, YV0 4 :Eu, (C 
a , Z n, Mg) 3 (POJ 2 :Sn, (Ce, Gd, 
Tb) MgB s 0 10 :Mn, Mg 4 FG eO e : Mn, M 
g 4 F (Ge, Si) O e :Mn, SrTi0 3 :Pr, 
Al, CaTi0 3 :Eu, Gd 2 0 3 :Eu, (Gd, 
M 4 ) 2 0 3 : E u ({EL, M 4 f£Y, L a , L u ± 9 1ft 
£*L6d"fe< tfe 11) Gd 2 0 2 S : Eu, (Gd, 
M 4 ) 2 0 2 S : Eu (fiU M 4 fiY, La, L u «£ 9 31 
ft£*b5'>ft< Hll) > M 2 2 0 2 S : Eu, Mg, 
M 5 (ffl.L, M 2 |j:Y, La, Gd, L u «fc 9 51ft 

< £fe 1 iTfc 9 , M s f2T i , N b , T a , G a 
J:9WR*ixS^*< ife 11) * M g F 2 : M n N 

(K F , MgF 2 ) : Mn, (Zn, Be) 2 Si0 4 : 
Mn, Zn 3 (POJ 2 :Mn, (Zn, Ca) 3 (PO 
4 ) 2 :Mn, (Zn, Cd) S:Ag, CI, (Zn, 
Cd) S : Cu, AU (Zn, Cd) S:Cu, C 
1, (Zn, Mg) F 2 : Mn , CaSi0 3 :Pb, M 
n, CdeCl (P0 4 ) 3 :Mn, InB0 3 :Eu,M 
gGe0 4 :Mn,MgSi0 3 :Mn, Sn0 2 :E 
u, YVO4 : E u, Z r 0 2 : E u, (M 2 , M 3 ) T a 

04 : Eu (ffl/U M 2 J3:Y, La, Gd, LuJ:^I 
&S*L5*I»fe< k fe lltfcO, M 3 l3Mg, Ca, S 
r, B a £ 0»ft£JtS'>fc< £ fe 1 1) , *S#»ffe*l 

[0 0 2 8] 6fc3gfti-5*«£i£ftfri: LTfi, 3Ca 
3 (PO,) 2 -Ca (F, CI) 2 : Sb, YVO,:D 
y, Y2O2S :Tb, Sm, (Zn, Cd) S:Au, 
Ag, Al, X«±IElc^Lfc'frfe«3tW^3fefr60iB-g- 

[0 0 2 9] ifc, JblEt^Lfc^ft^-g-^lb/dc 

[0030] mtus. *&w\z.m\,^btizmf\-&itv>m 




[0 0 3 1] Wjfe*^) 

tit, ±fE**«Mr«r»»A<Bfi-C#a»b«*ft 

HVPE**fci9 aW±lw»k**<b*«*»flc4:» 
/££^Tfc6 0 Wt**^-^***!*^ LTtt, I n a 
Al fGai-a-JN ({tU 0<a. 0^/3, a + 0 10 
SI) Sr«*JBfc LTJg***T*5 0 ¥*#*>«KSi 

[0 0 3 2] ft^*^tt¥t»ff«:»A$«5SElc 

^7, -^COftfl. ^fcV*^ (MgAhOj <D£oftt&m 20 
ttOSfiOft, S i C (6H. 4H. 3CSrg"ir) s S 
- i, ZnO s G a A s s G a N^ H B B ^(7)W^f^ffi V ^5 r 

Sr*jEi-5fc*^ y y 7 r t ri^H* L 

[0033] r nsicig^fi^ 

y7 7 i, t^±i:S 2 (^)/< y 7 7l 1 1 5 : i j&stf 

»4 L< ttT> K-^COG a NttSwi^I* LV> 0 
T> K-yG aNit5it(Z)±i:Slc*5f5ni^« 

4: a*-c#5o :^2^^7 7loi 

J?tt 1 0 0^^* h n — ^JgJLb, 10//mKT, 40 
l:»4L<liO. lMmJL^i, 5 m mJKT^BW-ejaft 

[0 0 3 4] ^7t s |R2^y77ili^7y KB*eii 

A 1 jgftltOvtt^O. 5yTWAUGa.- v N (0< 
v ^ 0. 5) tfSC LV\ A 1 ^ B B B Jt<£> v fit 

fro. s*m*.Z>t. mA&Nkb^o £V fctrL%*6fi 

&Mtf&&SmmMl^j:ZMfa^3bZ> 0 SfcBBHiiO 

M mKTi:H8t 5 I i: ^± 9 »S L^o ^7t, rcofg 50 
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2<0/<y77llCSi, G e^nSPF*MS>£: K-^L 

[0035] Hie, *¥&w<D&ytm*te. ztit*^? v 

<t LT 3 6 0 nmfrb 3 9 0 nmKl$S3fc^J 
fcSfcftfcltt, Al^tt5GaNlS±[:niM 

^Allr^tSGaNSIlt MOCVDffiCiot 
*7r^.T.*4R±^fia-CG a N/<y77lS:M^ 
So ricBli&*£:_btf\ ^5/77i±CGaNS:^ 

r^±lCHD VP Effili J: 9 G a NSrSlT?^ 
-Stic, S i O a fr* h9>f:^fc»j*«. a 
1 Sr^rSitfcG a N^MOCVDfetaotMt 
5 G A 1 S:4t**fcGaN*tiitS: tX\ , A 

[0 0 3 6] ttffctoaWfc^^ttfrttfil Lfc png^ 
TA-^£^ • #y ^At*M$tfcIl^^7y K 

[0 0 3 7] SEft^fy 5p3W4fcSrK— ^ 

14, nIK-^>>tLt.S.i; Ge, Se, Te. C 

•*afi:»Ai-5wids#*Lv^ Pinwy 

Zn, Mg x Be, Ca, Sr, B a ^£ K— :/£ * 
[0 0 3 8] «MC. 360~390n 3fc 

x i o 17 /cm 3 *loi{W yv?^ . ^fy (i 

n aG a i- g: N) ffcot, SIl?^ l 0 0^^^^ h " 
— ^J^±l 0 0 0*>{f* ho-^Ts I n^lall 
0 J:«9#< 0. l£JLTfci-Swfc-Cil!a!i*^IB*'r*r 
4r#-C**. *J3, nSWftittSi, S, Ge, S 

0 0 h n— Aj^_h, 1 0 0 0 7hV^^ ho-A 





[0 0 3 9] mm\Z. nllW!) ^At, pl^ttf 

X I 0 l7 /cm 3 H±^WV^|?A • #y £ 
■A ( I n 5 G a i-5 N) T'feot, If^l 0 Oitls? 
* h n — J*j&Ut, I n(Df 5 {4 0 X V£< 0. l^Ti 
t5:K*3 6 0-3 9 0 n m<0*04*K:*3V ^Ti*ja* 10 

S. Ge, S e7^31JR£n3'>ft< i: fc~ «T*fo5 0 
git It 1 0 0 h P-AK±^t L< , 55 

fc#SL<tt, 2 0 0^^hP-AKit*fc5 o V* 

[0 0 4 0] LTG 

L^Lft*sfe, m*l4##tc«< A.l *r^#** 
5tSbKlH*3&sffi:Ti-6«r&Hc:fca 0 rixfi, AlG 20 
aN, I n A 1 NOS^ffiC £ £ #ISI £ jft, 5 o AlG 
aN, I n A 1 Nftif SrStt«^i"5 t\ K=¥* * 

A 1 ifUIJttf>SSv^ 5 ^ KB* 
Mt^^fc^c A 1 «*Jfctf>i*v^9 y KJitttt 

^A l ^tp«ft**<k***W*fciS1Mfci-*i:» 

*^«*WtU^»-55Jfer5«3t*^tt; GaNgttil: 

tCft_hU «;tfil nSrbf^lCttfGaNiffittit 30 

Ga N±9 fc 1 OffiF£t±tilA36 s lPl±i"5o S£o 
Tv InaGai-aN, I n SGa^SN^afl 5 ffi 
ttO. ^L<(j:0. 0 5J^T, SklcSf* 

L<f40. 0 fttffSKfiO. OlKTIili 

ItSo ft*5* n G a NtflA 1 

v>o-ett«<ttft*ifK:J: I nJ; «9 t> 

A 1 ^f«5/>4V^ffiOA 1 £t>^fr*>G9T*£>5o 
[0 0 4 1 ] Sfe^ ^JgW^JfflSttSJS**^!*, 
I n a G a.x-aN, I n 8 G a 4 _ 6 Ni^tf5ffitti 
CgLt, A 1 X G a i-xN (0<X^0. 4) 40 
ft**{t*»*»flc«r*LTfcAv\ CcOAixGa A -x 
Nllj:gttl<0 2o^iI(DH^ V^n^— ^icg^L 

5 ft A 1 X G a x-xNcOXfilfiO <X^ 0. A (Dm. 
IWSK, 0<X^0. 2<Z>«IHa s «fc9»*L<, 

o<xso. ioiEi^it,»iu> 0 

[0 0 4 2] 0. 4 J: Y) h±^^^t A 1 X G a x-xNJl^ 
* S I1L< ft5«r6lJdS>5o AlxGa^xNOlfliO.. 50 
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£ ib{-#£ L< (40. 3 /x mJ^T\ *t» 
£L<f40. 1 /£miEilT«>BOT"t?JKj«i-5. 0. 5 M m 
^r8x.§i:AlS B s 0 Jt^>^< LTfc, A 1 X G a X _ X N 

[0043] a i <owL^&&fe<Dmm\^fo%mttfo?k 

45rt*atU> 0 nIl^AlxGa 1 -xNl^»< 
Lfc^^ffi^75^_hL J ^i-V^r&]l^fco7^ 0 ftfcnJi 
fflL p JMK&A 1 xG a ^xN^gftfe^^^fi 

[0 0 4 4] ^^{^4fc, AlxGa^xN ( 0 <XS 

0. 4) -C*>*afts4fc*ft****flcj:9 fcJSttJB^fc 

Binfc{iM(- I n S G a x_ s N ( 0 ^ s < 0 . 1 N j > 
S> m>s) SKIlAUGa'i-tN ( 0< t S 0 . 
4) T'feSlM^t^Srtt 5 ; i: 

ft£>, A 1 xG a i-xNOaftft»ft^»f *»■ t |BI« 

£K. i^TUt>P5**w»*S*LTVNSi&Kf4ftv\ In 
S G a 1 _ S N, 3gL< HA 1 t G a i-*NO|Rff ttWKRSE 

< (iA 1 t G a ^.NU^-ili^iClftfcoTt^ 

[0 0 4 5] Sfc, nJfflUh *fc(4pJiWJO^ft< t fc 
K* + y^*/^— (D/hSftG aNlt 
K=¥> y?^*Jl>*e— CO^c^ftA 1 U G a !- u N (0 

**a*#Jifc#LTfcJ:V\i AUGai-uNttSttllC 

£#H* LA\ wCOA l uG a I - U N(4(W]D< f^-^mffl 

[0 0 4 6] MfMtt5I^ GaNlSt/Al 
uGax-uNi^lfltl OOty^^ hP-AKTs £ 
ibt^s: L< f4 7 0^V^'^ h p-A^Tx *t»4'L 

< (4 5 o^>^^ hp-^WTClStSo l o o^-v 

■ *«S|ltt«*H#a±oBtJ»i: ft $ s g^ic^ft^ 5 

Al u Gai. u NS:a»^iSlit5i, BIffcT) 
ffV^t>co(Clt«LT, A 1 ^ItOiiiV^OT^^ 5 y 
^^A«9^<V\ riXttA 1 uGa t- u Ng$r?*tteg#flI 




1 U G a x- u NiG a N t ttBI— WCJ**!?* 5fc», 
iftfiLW\ -M s , InGaNT'^tMS 
Hftfcg;fcft»**Lfift b-f AlGaNklnGaNk 
t?iB»-?-*r«J*rS ^ i H\ Al u Ga tGaNt 

[0047] G a NM&XfA 1 U G a ^NS b Sr*i"5 . 

ft«fl2«b*flS-Mfc*»#Ji i H\- W^A 1 Willi it 
* ^ A 5 ^-T < ft 9 *SB%J*fta*#*fcJ« LV\ 

[0048] LfrLKtf bm&^-miz-rzk, &&*m 

t£&<J&^T*#£::i:{C«fc9, ftBBC&tf), ^rtyTl 20 

ft 9, LD"CfiH«[«BE, LEDtli 
Vf.(0*lWtBE) fclSTS*5:tm5. 

[0049] m&*miatt<Dm&*m<DmvM 

I^GaNl i: On S^«ft»*3&5aft 5aS« K-^i 

/h£<, ff i L< tt^«ft«: K-r LftV^ttl (TV K 
t it, t>p-*S:*»«tcK-^i-5.i:, H1K 
mi±, v f fSrgT^^: CLjtte^fcfcW 

ttttBE, Vf tmT-tzbmm&iiZo 

[0 0 5 0] K^-^.5/^^^=¥— (OttteWMfo 

«»lcJ:9«a*^ffi:Vi-Si«l**ix5o n 
*fb*4*¥**i: . 'OK*** $ > K-^ 

[0 0 5 1] r(7)IlRS®^^^^^V K^r-^ .y^ > ^0/J^ 50 
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5«aS:Sttftv\fc** IM^att-T-ofMbfttfft < ft 

£\ A 1 G a NliG a Nl:tt» ITS Wil^c * - 
T'A 1 G a NO*lC p S^tt«S:# < K-ytS^tC 

T1"5{ilftl-fc5k^£tb5 0 4f:i, Stt**«T**S 
~klcj;9, iffiJ:^-^^Wt</i§o 4 
fc, . Ut^^^y— X«gtt/h*< ft 9 M«tE, V f CD 

[0 0 5 2] — *\ /^VK^^rsx^ai*/^— tO/hS-ft 

1 U G a i-uNl k G a Ngtd p I^MtlXfe^M g ^r(Wj 
i^K-yifci^ ALGai-uNltliMg^T^ 
-tzf* OSS iSteffc*jftS/h S v \, ' — 

G a NS^T^ir^^— 2p<4(7)gg${iA 1 u Ga i- u 

5:1X1 OVc^K-yf^tGaNmi x 1 0 18 
/cm 3 g,g<7)^ y 7»flM^»bix5<ai-*tU AluG 
a^Ntlil X 1 0 l7 /cm 3 SS^0^-V y T»*L*4» 

bttftv\ 

[0 0 5 3] ^ItA 1 u Ga ,-uN/G a N b -Cttl*^ 

iiU y 7lt*#6>ii5G a Nlo*i:#< 

^FJffi^S: K-^i"5 0 -ixfc±9i*** y T*«0«*B- 
^■as»fc;h,5o L^tiB»-7-flHfii UTVNSfcfe hv 
^/uMt^rt y Ttt^ttWSS^ftV^A 1 U G a ,- u 
NJI^KrrSo *<Dfc*2t«ttlC=fr* y TttA 1 U G 
a i^NJBcofpfflfiSrt-f , AUGa i-^NJBtt'O K 

^^fcm\^Wfo*&< K-^Ltfe, LD, LED(D 

[0 0 5 4] ^^K^+y^^^—^tftafb* 

— Ojff 4 K-^f t L"Ctt, lxi 0 17 /cm 3 ~ 1 
X 1 0 2O /cm 3 , S 6CffSKIi 1X10 18 /cm 3 -5 
X 1 0 19 /cra 3 COffiiT^§ 0 1X10 17 /cm 3 J: <9 fc 7 > 
ft^i:. K^^ y^x*/^-#/hS ft^fL^J^i'fc: 

^i*i^#i<4ot, ^r^yr^co^t 
v^JBd«»bttlc:< v^|6]«c*>5. *f:l x i o 2 °/cm 3 
J:9^^v^k, *** J F-a#<?5y-^«8fj^*<ft9 J ^ 





4>*tt*u*A<. »tL<iii/i 0RJt:4>fc^#as3 
SU\ *fc#*L<l4T>'K-? , i:1-5 

m^f&mcomi* 1 x l 0 19 /cm 3 JWT;$ 5 II£Li/\, ni 
^tLTIi-S i, Ge, Se, S, O^Oja^*^ 
SglVBSs, VIBK5c*«:aWtt-5w£:ai-e£.5. ±0» 
£L<l4Si, Ge, SSrni^MtlirtSIt^-Ct 

n mTf-mm^ < v-y-tzm-s-hmmxib 

So 

[0 0 5 5] Ki, ie*^*^«*«r»*U<*WK 

[oo56] ±a*©@*&^g*5 P mm\cMi££tix\,^?> 
[0057] mtmrnt^^m-iv^BB-hmm^. 

&b*i\c<\<^mteX'&Z>Z btftobixX^Z. pW& 
D ^yLtztztfX-l-t, ^OTjgfit^iil&Q -croJJLhkfcS 

s. pmm&m&*mb-tzz.biz£ 
[0058] aft^a-cifesiaroa^**^*^* 

Wf^p{RiJill-^l&£*vC^ 5 /<> K^y7"x 
<, t 5 <-*-*. i8*&^© 

VK-rtt5i, WItE, V f ^£<g:T£-ti:5 ' t 

t£mt<to%it-&®>*m#m<r> P a^w 
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[00 5 9] jg^Iitif^ pS^M^CQ^ L 
V> K— ttlil X 1 0 l8 /cra 3 ~l X 1 0 2, /c 
m 3 , $ tjldif* U< (4 5 x l 0 ,8 /cm 3 ~5 x l 0 2O /c 
m 3 <E>®ffl-C£>5„ lXlO'Vc^iH'Mv^, flil 

<omtfo%ik$®*m>fc&b<r>mfr'p-ti:< iox, ^-v 

1 X l 0 21 /cm 3 J; 9 i#^t^a B B 'tt*S»< <C5«I6UC 
10 &-5„ — /OK^+s/T"^/^— ifitbZtiBAWfo 

fftL<ttl/l 0fil±'>4v^a4LV\ * 

SJF«»*s%*e>ix5fc*, piffi«©t!ilxio 
2 °/cm 3 «T^M* L-V. pI^tLtliMg^ Z 
n, Ca, B e*£©Jl»i#3Hi?IIA®=, II BgjTEiSitf 5 ^? 
20 SL'<, i^iL<!4M gl Ca§ffc5 0 KDf^ffl 

[0 0 6 0] i^SrMtSfMSft^^I* 

30 i £: K— 7°LfcA 1 G a Ni,' TV K-7"©G a N§ t 
TiB^SSr?KjSUfc*i-g-, A 1 G a NiiS i £ K— 7* 

liTK-^^-^-V/KOteV^G a N^e^^^^-ibSo G a N 
Il:GaN& B B f^i<:i:i!f#, SUftt**^-©^ 

40 ;U^-ro>c#V^A 1 G a NW^'kffi^I-nM^M^&R 
ta*l±$ <b«C*# < 7i5o IP*>G a 
N4 3 £^«J-r2>m^t-J:oTte, AlGaNflCtstl 
5nlffi«l-ft> (r(D^-g-S i) t 
Stt-5„ U>LAlGaNHff)g$*[6)(:3ffLT^ 

T% $ PjtCT^ K— 7*G a NSro^tfj^5(6]±-r5<OT- 

*/is*-&*:ztemk®&it&y!)*Em-&b'<> k=¥-* 
so sr«fiSL,fc#«-t)a©Lfca»*dsa!)0, /<>m77 
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[0 0 6 1 ] Ift«t»«*:«v^«**^*frf4v 

t^T*#So 4*3, pSGaN^SL^t-;^^^ 
#bixS»K*t«'4: Ltll NL Pt, Pd, Ni/ 
Au, Pt/Au, Pd/Au«##»C*tfSr£# 
-C#£o nlG a N t»i UV^- 5 y ^ ^fcftst 
mWPct LTfiA K Ti.W, C u N Z n N Sn, I 

:Ht^5U i^l^llLtLEDfy^LD* 
[0 0 6 2] LEDfy^LDlft LT*lJffli"S» 

[0 0 6 3] J^T, **W©*lll«lCOV^T»W-*-5 
[0 0 6 4] 

t y LtiSttl^ I n 

o.o,Gao. 99 Nt*^ ±^^tt: 0 — ^^3 6 8 nmOL 
EDf^^Srffll/^o LEDf ^yii, ft*$-frfc*7 
7"f ^Stk-Lt-TMG ( h y y * a) T 

mi (hy^wv^a«?A) 4*#^atfK 

— y T#*i:#tc:8EU MOCVDS 
F-^>F^HTSiH 4 i:Cp 2 Mg 
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6/<y77ii, ni»«ttt*i-S«Yt^y 

7/u 5 = ^^¥**-Cfc5 ^ 5 y Ki i , p®*mt££r 
*Tl-5«tfb#y **T/u$ = **¥*(rT^te5*9:y K 
pSitttSrtt5 = y^^ Ht^Wl: I nGa 

LEDfyrtf*i*5, 

[0 0 6 5] «>-y*Lfc«l«y- K7U-^Ojfeffli: 
20 A.y^'Srfl'i-S^^^ h • !/-Ki:LEDfy^i# 
^^«Sit^^yr>fy^tSo LEDfy^t 

Hir^^h • y-K&W^- ; y-Kt^ 4r*rix 

[0066] LiMO,:Fe «R«:l£3teffc£:#;<7> ± 5 
KLTf^»i"5. A 1 (OH) 3 1 5 6. 0 g, Li 2 C 
0 3 7 3. 9 gSt5Fe (N 0 3 ) 3 • 9 H 2 0 4 . 8 5 g 

^TA-^/i^tf^AtU 1 2 5 0°C, 2^ 

nBJdriii-*. ft/«p B D^#L, e&ii ltl i a 1 

30 0 2 : F eMmS^&^tS. »biifc***f4#^i- 

[ 0 0 6 7 ] OiSitefr 5 0 h • y — K 

T i OJIlcPHi:^a{)5 0 :3LTLEDf77 p ii:S 

[0 0 6 8] £Z>\ZWim£&it LtiUE2 5<C6 0mA 
ii®, ^2 5°C2 0mAH, flS6 0t9 0%RH 
T~C 2 0mAii«O#K»fC*3V^Tfc 5 0 0 B#IH&ilB% 

[ 0 0 6 9] (XlkM2) 38**-T-«rJEJLT<OX»CJ:9 
t7 7^7Si (CS) RJfcSSrtu: 
^^ttK^^S^I 3 . i 0 5 0tt'*B<o^y-=y^ 
*tT 9o ^v>r, zkiStl^iam^ 5 l o^T*. T>-e^ 

50 S«_h(CG a N<t t)45{&rajSg^<.y 77l«^)2 0 0 




jfcKSL 1 0 5 0tT\ TMGMT^r:7^fflV\ 
T> K-:/G a Nil J: 19 *S^2 0^y7rJiSr 1 Mm 

[0 0 7 0] 1 0 5 0tTWX^XTTMG, TV 
^e-T&tfv'^V (S iHj S 1^1X10 

18 /cm 3 K— Lfc n IG a N «t 0 ft 5 n 96 =« V* ^ h 
Jf £ 2 /x m«HT'M^^)o 

[0 0 7 1 ] 1 0 5 0tT'TMG, TMA (Mi^f^ 

y Kl^r/y K-^OG a Ni, 5 0t^ho-A 
<t, S i 3r 1 X 1 0 18 /cm 3 ^LfcA 1 Q . ,G a 0. 9 

S. . 

[0 0 7 2] 7 0 OWTM I , TM 

G, 7^^7^fflK nS«WS^5X1.0 17 / 
cm^lt^^/y K— ^ I n o. os G a o. Qs N 9 ft 
SftttJf £4 0 0^-V^^ hn — A<oBt*-e**S* 

[0 0 7 3] TkH^afv^ 10 5 Ott'TMG, TM 
A s TV-=e~7\ Cp2Mg (v'^n^y^v ? .x^;l/-7 

a Nf 5 0^-V^^ hD-A^ Mg^lXlO l Vcm 
3 K— 7"LfcA lo.1Gao.9Nl5 O^^* hn-A 

[0 0 7 4] fc^T, TMG , TV^-~T, Cp2Mg 
"C, Mglrixi 0 2O /cm 3 K-^L/cG aNi?45 
pfifl^V** hjf£0. 1 2 /£m<DM¥-Cj«*£-fr5o 

[0 0 7 5]M»Tt, 

^O-^^^Sr^L, RIE (SJEStt-T^-^j/^^ 

[0 0 7 6] ^y^^, ft-UBtcfc* pfiiJ^v** 
hJl<D[5{££®i;iKJ¥2 0 0^->^/^ h n — AcDN i t 

^y^fflOAui D45p^y KWiSrO. 2 /im^l 

hJf<7^®ic[2w<h A 1 fi:*tpn«3BS:»j*-t- 
5 0 »«lCp«*^*ffi*«*r5fc»fcS i0 2 J;<9 

3 5 0 vmft<Dmitm+k'rZ> 0 IW*|6]«£E 2 
OmAlCtJV^, *5ct-?:3 7 8 nm<7>385t*^L, Vf 
f2 3. 3V, ffl^li5mWS:^to 
[0 0 7 7] ±JJW>SS#*^ i: A 1 2 0 3 : C r «S«*3t 
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*5. 

[0 0 7 8] (»3) **«2fc*5V^TSttJlS:S 
i £ 1 X 1 0 1 Vcm 3 K— ^ Wff 5 0 0 Hr^?* h 
p-AT^5 I n 0 .o5Gao. 95 Nl^ Lfcffett*l(!l« 2 

[0 0 7 9] (J«6«4) jW«2.lC*V^, 
^rnffi!!^ 7 5/ KSSrTV K-^dA 1 Q . iG a Q . 9 Nl'5 
0ty^hP-At, S i?rixi 0 18 /cni 3 K-/ 
10 LfcG a Nl 5 0^->^^ bn-A£ ^^Cillt 
ft£*»IRff3 0 Or^^* hn-^^g»^«itt U 
£ hfrpMfy y KISrTy K«^A l 0 .iGa 0 . 9 N 
15 0^-V^^ hn~At, Mg^l Xl 0 19 /cm 3 K 
-^LtG aN§5 O^^* hn-A^JSCif 
Lt45»iW6 0 O^V^* hn-AOje»^«3St 

[0 0 8 0] ±SBO»3t*^-i:CdS : A g 

20 [0 0 8 1 ] (Hft0J5). 38**^ J: ITSttl^ I n 
0 .o 5 Ga 0 .95NT'fe^ il3tt°-^^ 3 6 8 nm(DL 

[0 0 8 2] t77^7S^l(^ GaN<fc9ft3{6; 
MI^^77l, 7yK-^GaNli?45*2(Z) 

0 /zm, * h^-f^BPB (««) 5 /i mCOS i 0 2 «fc 9 
ft5«<M**0. l/im^»lt^h7-f^#GaN 

<o (1.1 -0 0) J5m^w-mz.t£z> t o\z.m&rr^. "« 

Al*»fl)GaNJ:!l46GaNitlO 
30 /1 mtf>Rff-CJ5fcK$i*:A 1 ^^*COG a NSffiSrM $ it 
5o G a NSRJblC S i £ 1 X 1 0 18 /cm 3 J^_b K— ^ 
IfcniGaNi^iSnffls^ni, S i £r 5 X 

1 0 A8 /cm 3 K— ^Lfc I n 0 . iG a o. 9 N J: 9 ft£^ 7 
S^B&JhJi, fti-S i^lxiO 19 /cra 3 K— :/Lfcn 
SA 1 o. 2 Ga 0 . eN£ «9 ft£/f £4 0 Hr^sf* h n — A 

7^ K-^G a N1J: 4 0 h o-A^I 

■*-erit*£-e\ cti^^M^S^ tixfiiiooi 

40 [0 0 8 3] 7> K— ^A 1 o. 05G a 0 . 9S N «t «9 ft 3 n 
KB, T>K-^I n 0 .o,G a c . « 0 N«t <9ft5 
ffittS. Mg£rl x 1 0 19 /cni 3 K-7 P lf:plAlo. 2 
G a o. 8 N-Cfc& p W ^ -V y^M, A 1 o. 01G a 0 . 99 N 

[0 0 8 4] RfC M g «r 1 x 1 0 19 /cm 3 K-^L/t 
pSAlo. 2 Gao. 8 Nl, 7yF-7 s GaN^40tV 
ho-Atfc^ElCiaJijatiLfclWWfO. 8 /im 

comte+mmx ^ft^ P «?y Kit»a**s. 

[0 0 8 5]*8i;, p«7'; KS(0_btc, Mg«ri 
50 XI 0 2O /cni 3 K-7 B L/':plGa N «£ «9 ft 5 p ffl^ V 
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99 ym^m.^t^o 

[0 0 8 6] JW-hW J; 5 \Z Lt4ft*3Wk^«¥I*t 
K-^Lfci Sr $ & KffijgSMfc $ *±Jf co p ffiij 

[0 0 8 7] n«=V^^ bg<0«S5rSa$ 

=tir, T i t-A 1 ±9ft5nfgg^ K7^7"tl;Mt 
5„ -^p^iJ^V^^ Mlcoy •yv'ft^ffitCttN itA 10 

[0088] pint, nmmtnm^mmvtzmt^ 

[0 0 8 9] WJb<E>.fc 3 ICLT, n mffi t p W.M t £M 

Mm^yi/y^LtSfifl^ilttL, Au/Sn 20 
T-£B£t< ?7^Xf5 0 . 
[0.0 9 0] t©f, Au/Sn«S:^^7^^LT., 

Hlffifc#«#«rfER-rs. *tSlfSlcS iO.iTiO, 

Sfflt^V^T. Htttt«Eft£2. Ok A/cm 2 , Hit* 
E4. 0 VT\ 3gJgi£g3 6 8 nm<Dmifcft&1>mm£ 30 

[0 0 9 1] ;o± 5 4***-fil»b©*#l-i'- if— £ 

y-V-hOW £#Klj6*£-e-fcY 3 A 1 s O . 

l2 : C rj*«**flcfcflMfC*SJ: 5 7t^Wi-»iK$-fr 

3tSrKt=WX-Cil3tS*rSI&$-tirr*)*. «3fe£ix 
fc#*#&fflfcj$ 9 -lei y— 

5„ 40 

[0092] SJtwtur, #^ic|g7t-r5± 

IEY 3 Al s O l2 : C r««l*7t*(-'PC^.T, Wfe, It 
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[0 0 9 3] 

[0 0 9 4] Wc, #*3te£#0.3te<©P5##3&3te»rfSgfc 
•y— #^-3fef-«t'5*Pl»i:^3fe(w«t57t^kSrl^^ 

Hi] a **9i©*3te««<&«s:wBffffiiaT?*> 

So 

[12] Hi2(i, *38W<DS"J<o»3t»l««J«S:fl<JWrffi0 
[H3] H3(i, *»9!0>fate0y l fc:teJB$jT,3Sbte*J 

[*&*<*>&«] 
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